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Abstrat
Observations of the eet of the magneti eld on its environment are usually
ahieved with tehniques whih rely on the interation with the spin of the partiles
under study. Beause of the relative weakness of this eet, extration of the eld har-
ateristis proves to be a most hallenging task. We take a totally dierent approah
to the problem and show that the manifestation of the magneti eld an be diretly
observed by means of a omparison of the spetra of moleular ions with those of neu-
tral moleules. This takes advantage of the strong ylotron interation between the
ions and the eld, but requires the presene of ows or turbulent motion in the gas.
We ompare our theory to data obtained on the OMC1, OMC2, OMC3 and DR21OH
moleular louds.
Subjet headings: ISM: loud  ISM: magneti eld  ISM: moleules
1. Introdution.
The suspeted eets of the magneti eld in the proess of star formation are well doumented
in the literature. They may our during the initial ollapse of louds, by providing fritional
support through ollisions between ions and neutrals, or through the establishment of a pressure
assoiated with long wavelength magnetohydrodynami waves arising from small sale utuations
in the eld, or again as soure of magnetohydrodynami fores at the enter of the moleular outow
phenomenon (Shu et al. 1987; Moushovias 1991a,b; Cruther et al. 1993). The need for aurate
measurements of the magneti eld and its eets on the environment annot be understated. This
is, however, a formidable task. Up to now, the observed manifestations of the magneti eld, in star
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forming regions, onsist of Zeeman line broadening measurements (whih are best arried out at
low frequenies, due to the inreasing dominane of the Doppler width over Zeeman splitting with
inreasing frequeny) and in the magneti alignment of the dust grains known to exist in moleular
louds.
Despite the weakness of the interation between the eld and the observed moleular speies
and the numerous diulties inherent to the tehnique, Zeeman measurements provide us with the
only way of measuring the intensity of the magneti eld (more speially its omponent normal
to the plane of the sky (Cruther et al. 1993, 1999)). On the other hand, a measure of the degree of
alignment of the grains an be obtained from the level of linear polarization deteted from ontinuum
emission emanating from moleular louds. The polarization is believed to be aused by anisotropi
emission from dust grains. Reent studies (Hildebrand et al. 1999; Draine & Weingartner 1996)
reveal that the intensity of the magneti eld has very little to do with the level of polarization
indued by the dust. The eld is needed to align the grains and the level of polarization is basially
a funtion of the spin imparted to the individual grains by some agent, most likely the radiation
eld. The thermally generated spin is known to be too small to explain the observed eet (Draine
& Weingartner 1996).
In this paper, we present theoretial and observational evidene for a dierent eet whih
demonstrates the presene of the magneti eld. Its signature resides in the line proles of moleular
ion speies at millimeter and submillimeter wavelengths. It will be shown that, under the right
onditions, even a weak eld (∼ 10 µG) will ause ions to exhibit narrower proles and a suppression
of high veloity wings when ompared to the lines of neutral speies.
There are of ourse several possible eets that ould onfuse the issue, inluding optial depth
dierenes between speies and lak of spatial oexistene. We deal with suh problems in part in
this paper and in more depth in a subsequent one.
2. Ion spetra versus neutral spetra.
Probably the rst thing we should point out is that the lines observed in moleular louds are
usually many times broader than their thermal width. It is generally assumed that this is due to the
presene of turbulene in the interstellar medium (Zukerman & Evans 1974; Falgarone & Phillips
1990). This will be the point of view adopted here. Turbulene is haraterized by vortex streaming,
the motions taking plae in eddies of dierent sizes (Tennekes & Lumley 1972). In what follows, we
will onentrate on a small portion of a given eddy so that the region onsidered is small enough
that motions of the loal ow an be approximated as being linear, with the understanding that on
a larger sale the motion exhibits vortiity. This analysis an be applied without approximation to
ases involving linear ows (e.g., jets, outows, . . . ).
The eet to be disussed is the tendeny for ions to be fored into gyromagneti motion about
the magneti eld diretion, rather than following the streaming ow of the general neutral motion.
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It is neessary to disuss the ion-neutral ollisions and we start with a simplied approah. We
will assume that we are dealing with a weakly ionized plasma, where the neutral ow is mainly
omposed of moleular hydrogen; we therefore assume a moleular mass number of An = 2.3 for its
onstituents.
2.1. Approximate solution - head on ollisions.
The equation of motion of a single ion subjeted to a ow of neutral partiles in the presene
of a magneti eld is given by:
dv
dt
=
e
mic
v ×B+ Fc , (1)
where mi, v, B are the mass of the ion, its veloity and the magneti eld. Fc is the fore (per
unit mass) on the ion due to the ollisions with neutrals. The nature of the interation during a
ollision an be quite ompliated and how the momentum is transfered between the partiles needs
to be handled arefully. But in order to get an idea of the behavior of the ion we will initially assume
that all the ollisions are perfetly elasti and head on. Aordingly, the fore of interation an
be approximated by:
Fc = −2
µ
mi
(v − vn)
∞∑
m=−∞
δ (t− τm) , (2)
where µ, vn, τm are the redued mass, the neutral ow veloity and the dierent times at
whih ollisions randomly our. It will make things easier if we break up the veloities into two
omponents, one parallel to the mean magneti eld (v‖ and v
n
‖ ) and the other perpendiular (v⊥
and vn⊥). In steady state onditions, it an be shown that the mean and variane of the veloity
omponents are given by (see the appendix for details):
〈
v‖
〉
=
〈
vn‖
〉
(3)
〈v⊥〉 =
〈vn⊥〉+ 〈ωr〉
−1 [〈vn⊥〉 × 〈
−→ωg〉]
1 +
(
〈−→ωg〉
〈ωr〉
)2 (4)
σ2‖ =
[
σn‖
]2
[
mi
µ
− 1
]
(5)
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σ2⊥ =
〈
|vn⊥|
2
〉
− 〈v⊥〉
2[
mi
µ
− 1
]
(6)
σ2T = σ
2
‖ + σ
2
⊥ (7)
with
〈−→ωg〉 =
e 〈B〉
mic
(8)
〈ωr〉 = 2
µ
mi
νc (9)
〈ωr〉 is what we will all, for reasons to be disussed later, the relaxation rate. 〈−→ωg〉, νc are the
mean ion gyrofrequeny vetor and the (mean) ollision rate.
Equation (4) represents the drift that the ion an possess in relation to the neutral ow and it
is at the heart of the eet that we are now studying. Equation (6) gives a measure of the gyration
amplitude of the ion around a guiding enter in the region oupied by the magneti eld. We have
also allowed for an inherent veloity dispersion in the neutral ow as an be seen by the presene
of the term σn‖ and the fat that
〈
|vn⊥|
2
〉
6= 〈vn⊥〉
2
.
From equations (3)-(7) it an be dedued that, as ould be expeted, the ion ompletely follows
the ow when the latter is aligned with the eld (vn⊥ = 0). More interesting, however, is the ion
behavior when the neutral ow is perpendiular to the eld (vn‖ = 0). In suh ases, the following
observations an be made:
• for weak eld intensities (〈ωg〉 ≪ 〈ωr〉) the ion follows the ow as 〈v⊥〉 ∼ 〈v
n
⊥〉
• as the eld gains in strength the ion starts to drift in a diretion perpendiular to both the ow
and the eld until we get to the point where 〈v⊥〉 ∼ 0 when the eld reahes high intensities
(〈ωg〉 ≫ 〈ωr〉). The ion is then basially trapped in the eld and its mean square veloity
an be evaluated solely with equation (6), σ⊥ is found to be smaller than the ow veloity by
a fator of a few. For example, if we hoose Ai = 29 and An = 2.3 for the ion and neutral
moleular mass numbers we nd this fator to be ∼ 3.5. That is, an ion would have on average
an eetive veloity at least ∼ 3.5 times smaller than that of a neutral moleule of the same
mass.
This last observation has important impliations. Let us assume that an observed emission line
from a neutral moleular speies is omposed of ontributions from a family of ows (or eddies) of
dierent veloities. We an then infer that for regions inhabited with a strong enough magneti eld
whih is, on average, not aligned with the loal ow(s), we expet ioni lines to exhibit narrower
proles and a suppression of high veloity wings when ompared to neutral lines.
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Obviously, we annot expet all the ows to be perpendiular to the mean magneti eld. In
any given ase, there will be a distribution in the value of the angle existing between the diretions
of the ows and the eld. We have only onsidered the extremities of this distribution (ows aligned
or perpendiular to the mean eld diretion), in general for a given angle both veloity omponents
(v‖ and v⊥) would have to be simultaneously inluded in the analysis. The total resulting eet
observed will, in general, reside somewhere in between what is obtained for these speial ases.
It is also important to note that this phenomenon will only be observable in regions where the
motions of the neutral partiles do not have a zero mean veloity, i.e. 〈vn〉 6= 0. For, if they did,
equations (5) and (6) would have exatly the same form and the veloity dispersions would be the
same for ions and neutrals. In other words, a thermal (or miroturbulent) line prole would not
show any manifestation of the presene of the magneti eld.
2.2. Rened solution.
It an be seen from equations (4), (6) and (9) that the amplitude of the eetive veloity not
only depends on the mean magneti eld strength but also on the amount of momentum transfered
during a ollision. It is therefore important to solve the problem for the more realisti ases where
the ollisions are not neessarily head on. We, however, still retain the assumption that all are
perfetly elasti.
We now we get for the mean veloities and dispersions:
〈
v‖
〉
=
〈
vn‖
〉
(10)
〈v⊥〉 =
〈vn⊥〉+ 〈ωr〉
−1 [〈vn⊥〉 × 〈
−→ωg〉]
1 +
(
〈−→ωg〉
〈ωr〉
)2 (11)
σ2‖ =
[〈
|vn⊥|
2
〉
− 〈v⊥〉
2
]
M (a, γ) +
[
σn‖
]2
N (a, γ)[
2〈a cos(γ)〉
〈a2〉 − 1
]
D (a, γ)
(12)
σ2⊥ =
[〈
|vn⊥|
2
〉
− 〈v⊥〉
2
]
P (a, γ) +
[
σn‖
]2
Q (a, γ)[
2〈a cos(γ)〉
〈a2〉
− 1
]
D (a, γ)
(13)
σ2T =
[〈
|vn⊥|
2
〉
− 〈v⊥〉
2
]
+
[
σn‖
]2
[
2〈a cos(γ)〉
〈a2〉 − 1
]
(14)
where:
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D (a, γ) = 2 〈a cos (γ)〉 −
〈
a2 cos2 (γ)
〉
+
1
2
〈
a2 sin2 (γ)
〉
M (a, γ) =
〈a cos (γ)〉
〈a2〉
〈
a2 sin2 (γ)
〉
N (a, γ) =
[
2 〈a cos (γ)〉
〈a2〉
− 1
] 〈
a2 cos2 (γ)
〉
+
1
2
〈
a2 sin2 (γ)
〉
P (a, γ) = D (a, γ)−M (a, γ)
Q (a, γ) = D (a, γ)−N (a, γ)
The relaxation rate is now given by:
〈ωr〉 = 〈a cos (γ)〉 νc . (15)
a is the ratio of the hange in veloity of the ion after a ollision to the initial relative veloity
between the two partiles, γ is the sattering angle of the ion as measured in its initial rest frame
and the dierent averages (〈a cos (γ)〉, . . . ) are evaluated over the spae of the sattering angle of
the olliding neutral partile in the same frame of referene. We give in table 1 set of values for the
dierent averages for two dierent ion moleular masses (Ai = 29 and 45). We would also like to
point out that from numerial alulations we obtain the following relations (whih ould also be
derived from simple physial onsiderations):
〈a cos (γ)〉 ≃
µ
mi
2 〈a cos (γ)〉
〈a2〉
=
mi
µ
whih allow us to see that our rst evaluation of the relaxation rate in equation (9) was wrong
by a fator of two whereas the denominator in equation (14) for σ2T is unhanged. Another dierene
between equations (12)-(13) and (5)-(6) is that we now have a mixing between the two varianes;
the neutral dispersion parallel (perpendiular) to the magneti eld aets the ion veloity dispersion
perpendiular (parallel) to the eld. This is of ourse due to our more realisti treatment of the
ollisions where momentum an now be transfered between dierent diretions. But despite these
few hanges, all the onlusions reahed in the previous setion still hold.
In gure 1, we have plotted urves for the ion eetive veloity (aording to equations (10)-
(15)) as a funtion of the mean magneti eld intensity when
〈
vn‖
〉
= 0, |〈vn⊥〉| = 10 km/s and the
neutral density n = 5× 106 m−3. For simpliity, we also set
〈
|vn|2
〉
= 〈vn〉2. As an be seen, the
eld makes its presene felt even for relatively weak intensities (〈B〉 & 10µG) and the transition
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between the regimes where ions follow the neutral ow to where they are trapped by the eld is
quite abrupt (1µG . 〈B〉 . 10µG). It is important to point out that it is, in priniple, possible to
evaluate the mean intensity of the magneti eld from this gure. One would have to ompare the
width of neutral and ion spetra and nd the eld strength that mathes it at a given angle between
the diretion of the eld and the line of sight to the observer. When this line of sight is parallel
(perpendiular) to the eld, the ion veloity should follow the urve for
√〈
v2‖
〉
(
√〈
v2⊥
〉
). There
are, however, a few things that stop us from ahieving this. Among these are the unknown amount
of veloity dispersion inherent to the neutral ow and the unertainty in the neutral density (used
to determine the ollision rate). We should also point out that reent observations indiate that
eld strengths in moleular louds are in the range of a few hundreds µG (Cruther et al. 1999)
where our urves in gure 1 are basially at and the ion veloity is insensitive to eld strength
variations. But we should not rule out the possibility that the determination of the eld properties
ould beome feasible in the future when using more omplete models. Still at this point, it is
nonetheless possible to assign a lower value for the eld strength (given the density of the gas).
3. Observational evidene.
We would now like to bring support to our assertion of the previous setion that we should
expet that in ertain onditions ion lines should have narrower proles than neutral speies. Fur-
thermore, we ontend that this situation is likely to happen frequently. The reason for this lies with
equations (10)-(11).
As we reall, the requirement is for a poor alignment between the loal magneti eld and
the mean ow; the eet being maximized when they are perpendiular to eah other. Assuming
that the magneti eld is strong enough, we an see from the aforementioned equations that ions in
general will not follow the motion of the ow but will tend to drift away in a diretion perpendiular
to it. But sine the total mean ioni veloity is minimal when the ow and the eld are perpendiular
to eah other, harged partiles will be more likely to aggregate in regions where this is the ase. It
is therefore very tempting to dene two groups of objets (as far as the observation of the eets of
the magneti eld is onerned):
1. the eld is aligned with the ow, no signiant dierenes between the spetra of omparable
neutral and ion
2. no general alignment between the eld and the ow(s), the ion speies exhibit narrower line
proles and suppression of the high veloity wings in their spetra.
In what follows, we present observational evidene showing some examples that we believe belong
to the seond lass.
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3.1. Observations of HCN, HCO
+
and N2H
+
.
In HCN, HCO
+
and N2H
+
we have three fairly similar moleules exept for the obvious fat
that the last two are ions whereas the rst is a neutral. Indeed, they are all linear moleules with
omparable atomi mass, similar rotation spetra and almost idential ritial densities (nc ≃ 10
6
m
−3
). They therefore appear to be exellent andidates to test our proposal.
We present in gure 2 spetra of these three moleules in the J → 3 − 2 transition for OMC1
and J → 4−3 for OMC2-FIR4, OMC3-MMS6 and DR21OH obtained at the Calteh Submillimeter
Observatory with the 200-300 GHz and 300-400 GHz reeivers. The observations (inluding the
maps presented in gure 3) were done on several nights during the months of Marh, April, June
and August 1999. Pointing was heked at regular interval using sans made on planets available at
the time. Telesope eienies were alulated to be ∼ 70 % for the 200-300 GHz reeiver (beam
width of ∼ 32′′) and ∼ 60 % for the 300-400 GHz reeiver (beam width of ∼ 20′′).
As an be seen from gure 2, all these spetra show the harateristis desribed earlier; the
ion lines are all signiantly narrower than the HCN lines and the suppression of the wings is also
obvious. These onlusions are made more denite in table 2 where we present a omparison of the
line widths (more preisely the standard deviations σv) of the speies for these moleular louds.
The widths were measured after the lines were modeled with a multi-Gaussian prole. We interpret
the fat that the preditions made here on the dierenes in the appearane in the spetra between
omparable neutral and ion moleular speies seem to be easily observable in moleular louds as
strong evidene in favor of our assertions.
We should however point out that the dierenes between the line proles of neutral and
ion speies ould be partly due to other fators. Indeed, the assumed oexistene of the dierent
moleular speies is not neessarily orret. Although we tried to hoose ion and neutral speies that
are as similar as possible, it is likely that their observations sample dierent parts of the moleular
louds. In some ases, it might even be possible that two speies are exposed to signiantly
dierent dynamial proesses that ould ause one of them to exhibit a narrower or larger line
prole no matter what the eet of the magneti eld might be. Maps of the dierent moleular
speies for a given objet ould shed some light on this question. In the ase of OMC1, Ungerehts
et al. (1997) have extensively mapped the Orion moleular loud (around OMC1) with 20 dierent
hemial and isotopi moleular speies. Amongst other things, they nd an impressive degree of
uniformity in the hemial abundanes; but most interesting to us is how similar their maps of
HCN and HCO
+
are (J → 1− 0, beam width of ∼ 50′′). On the other hand, N2H
+
seems to have
a very dierent spatial distribution (see their gure 2). We also present in gure 3 our maps of
OMC2-FIR4 in HCN and HCO
+
(J → 4 − 3) done at the CSO. Although the ion speies appears
somewhat more extended, the two peaks are well aligned. This and the fat the two speies have
similar line enter veloity (see gure 2) brings support to the oexistene assumption for these
moleules in the OMC2 loud.
The question of abundanes is also important. For example, a given speies ould exhibit
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more opaque lines whih ould hange some harateristis of the line proles (suh as the relative
importane of the high veloity wings, saturation or self-absorption). In fat, we believe that the
dierenes between the spetra of N2H
+
and HCO
+
are probably the result of this eet (see the
ase of DR21OH in gure 2, the self-absorption feature at ∼ −2.5 km/s is muh weaker in the N2H
+
spetrum implying a lower abundane).
Chemial dierentiation ould also play a role in explaining the dierenes between spetra.
In this eet, we expet that our analysis only applies to long-lived ion speies (like the protonated
moleules onsidered here), other more reative speies (CO
+
, SO
+
, . . . ) should more or less behave
as neutrals as almost every ollision in whih they are involved would entail a hemial reation
(Shilke 1999).
4. Relaxation time and interation between harged partiles.
In our analysis of the problem in setion 2, we have onsidered the behavior of a given ion
without taking into aount the presene of any other harged partiles. One might intuitively
guess that for a weakly ionized plasma, like the ones probed with our observations at the CSO
presented in the last setion, it is probably safe to do so.
One an make sure of this by omparing the mean time between ollisions for harged partiles
in suh a plasma with the time it takes an ion to relax to its steady state after being exited to
a dierent veloity. The exitation ould our, for example, during a ollision with an eletron.
However, beause of the huge disparity between the masses of the two partiles, it is unlikely that
the ion would be muh perturbed by suh an enounter. A ollision with another ion is more likely
to produe a signiant hange in its veloity.
At any rate, it turns out that the ion relaxation time is given by the reiproal of the relaxation
rate dened by equation (15), as one an verify when solving the equation of motion (1) for a mean
ollision fore 〈Fc〉. The solution shows that the ion veloity deays exponentially with a time
onstant equal to 〈ωr〉
−1
. When this time is ompared to the mean ollision time between ions, it is
seen to be at least a few orders of magnitude smaller. Our simplied analysis is therefore justied.
5. Conlusion.
We argue that the presene of a magneti eld in a weakly ionized plasma an be easily deteted
through a omparison of ion and neutral line proles. More preisely, we expet ion lines to often
exhibit narrower proles and signiant suppression of high veloity wings. We have presented
observational evidene obtained for four dierent moleular louds whih agrees with our theory.
Beause of the low intensities of eld required for the eet to be notieable, we expet the
phenomenon to be widespread. However, where the mean magneti eld is aligned with the neutral
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ow(s), or where the line width is dominated by the thermal width, should not show any signiant
dierenes between omparable neutral and ion spetra. These aspets of the problem will be
treated in subsequent papers.
We thank Prof. J. Zmuidzinas for his help during the preparation of this paper. M. Houde's
work was done in part with the assistane of grants from FCAR and the Département de Physique of
the Université de Montréal. The Calteh Submillimeter Observatory is funded by the NSF through
ontrat AST 9615025.
A. Derivations.
Equations (3) and (4) an be easily derived by taking the mean of the equation of motion (1)
and then assuming a steady state:
〈
dv
dt
〉
= 0
Using equation (2) as an approximation for the fore of interation between ions and neutrals
we get from the mean equation of motion:
〈
Fc‖
〉
= 0 (A1)
〈Fc⊥〉 = −
e
mic
〈v⊥〉 × 〈B〉 (A2)
with
〈Fc〉 = −2
µ
mi
νc (〈v〉 − 〈v
n〉) (A3)
where νc is the mean ollision rate. From equation (A1) and (A3) it is straightforward to get
equation (3) for
〈
v‖
〉
. Equation (A2) an be transformed to:
〈v⊥〉 = −
〈ωr〉
〈−→ωg〉
2 [(〈v⊥〉 − 〈v
n
⊥〉)× 〈
−→ωg〉]
into whih we an insert equation (A2) using (A3) and nally get equation (4) whih we rewrite
here:
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〈v⊥〉 =
〈vn⊥〉+ 〈ωr〉
−1 [〈vn⊥〉 × 〈
−→ωg〉]
1 +
(
〈−→ωg〉
〈ωr〉
)2 (A4)
〈−→ωg〉 and 〈ωr〉 are dened in equation (8) and (9) respetively.
Equations (5) and (6) for the veloity dispersions an be derived by using the following pro-
edure. We onentrate on the equation for σ2⊥. If we assume that the time of interation during
a ollision is innitively small, we an express v′⊥, the ion veloity (perpendiular to the eld)
immediately after a ollision, as a funtion of the veloity v⊥ just before the ollision:
v′⊥ = v⊥ +
∆p⊥
mi
(A5)
with ∆p⊥ = −2µ (v⊥ − v
n
⊥) the hange in the ion momentum. Upon taking the mean of the
square of equation (A5) while one again imposing steady state onditions, i.e.
〈
|v′⊥|
2
〉
=
〈
|v⊥|
2
〉
,
we are left with:
〈
v⊥ ·
∆p⊥
mi
〉
= −
1
2
〈∣∣∣∣∆p⊥mi
∣∣∣∣
2
〉
(A6)
Taking into aount the fat that 〈v⊥〉 · 〈v
n
⊥〉 = 〈v⊥〉
2
, as an be veried with equation (A4),
it is then straightforward to obtain:
σ2⊥ =
〈
|vn⊥|
2
〉
− 〈v⊥〉
2[
mi
µ
− 1
]
(A7)
The equation for σ2‖ follows from the same proedure.
The more rened set of equations (10)-(15) an also be obtained in similar fashion but the task
is rendered somewhat more ompliated by the fat the interation fore Fc is not simply given
by equation (2). We will omit their derivation here as they are somewhat lengthy and don't bring
anything substantially new to the disussion.
One last word onerning the energetis involved in the ollision proess. From the above
disussion, it is apparent that an ion whih starts o with the same veloity as the neutral ow
would eventually settle into a steady state of lower kineti energy (assuming a strong magneti
eld). One again fousing on the approximate head-on ollision model as seen in the referene
frame of the observer, we an understand this loss of energy by noting that the drag fore felt by
the ion (equation (2)) is proportional to the relative veloity between the olliding partiles. As the
ion is attempting to travel in a irular orbit around a given guiding enter, this relative veloity
 12 
is greater when it is going upstream (and losing energy through ollisions) than when it is going
downstream (and gaining energy from the ollisions). This will lead, on average, to a net loss of
energy over a omplete orbit.
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Fig. 1. Ion eetive veloity (
√〈
v2‖
〉
,
√〈
v2⊥
〉
and
√
〈v2〉) as a funtion of the mean magneti
eld strength when vn‖ = 0, |v
n
⊥| = 10 km/s, n = 5× 10
6
m
−3
and Ai = 29.
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Fig. 2. HCN (top), HCO
+
(middle) and N2H
+
(bottom) observations at the position of peak
intensity of (lokwise starting from top left): OMC1, OMC2-FIR4, OMC3-MMS6 and DR21OH.
The bump at ∼ 30 km/s in the middle spetrum of OMC1 is a ontamination from other speies
(SO2,
13
CH3CN, . . . ).
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Fig. 3. HCN and HCO
+
(J → 4− 3) maps of OMC2-FIR4. Although the ion spatial distribution
appears somewhat more extended, the two peaks are well aligned and the HCN and HCO
+
system-
ati veloities agree (from gure 2). The two maps have the same lowest ontour level of 5 K·km/s
(∼ 10σ) and the following levels inrease linearly with an interval of 5 K·km/s. The maps' grid
spaing of 10′′ is half of the beam width (shown in the lower left orners). The pointing auray is
better than ∼ 5′′.
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Parameter Ai = 29 A1 = 45
〈a cos (γ)〉 0.07734 0.05028〈
a2 cos2 (γ)
〉
0.00778 0.00332〈
a2 sin2 (γ)
〉
0.00359 0.00157〈
a2
〉
0.01137 0.00489
Table 1: Numerial values for the dierent averages present in equations (10)-(15) for ion moleular
masses of 29 and 45.
Coordinates (1950) σv(km/s)
Objet R.A. Del. HCN HCO
+
N2H
+
OMC-1 5 32 47.2 -05 24 25.3 17.42 3.23 1.87
OMC-2 FIR 4 5 32 59.0 -05 11 54.0 3.59 2.72 1.34
OMC-3 MMS 6 5 32 55.6 -05 03 25.0 1.40 0.71 0.56
DR 21(OH) 20 37 13.0 42 12 00.0 5.75 4.61 2.08
Table 2: Comparisons of line widths (standard deviations σv) between HCN, HCO
+
, and N2H
+
for
the four objets presented in gure 2.
